Large solitary meanders form on the Agulhas Current at irregular intervals as it travels along the east coast of South Africa. These so-called Natal pulses are thought to have a significant effect on the shedding of Agulhas rings downstream at the Agulhas Retrofiection and thereby on the exchange of water properties between the Indian and the Atlantic Ocean. Data from the Geosat, ERS 1, and TOPEX/Poseidon satellite altimeters and Advanced Very High Resolution Radiometer (AVHRR) infrared imagery from the Pathfinder project are analyzed and show that this intuitive idea seems to be correct. Close to the coast, individual altimeter tracks are used to identify the cyclonic Natal pulses as depressions in the sea-surface topography. Using different tracks, the pulses can then be followed from close to Durban to the Agulhas Bank. They show that each shedding of an Agulhas ring is preceded by the appearance of a Natal pulse close to Durban. A significant correlation is found with a time lag of 165 days. Interpolated topography maps are used to follow pulses along the Agulhas Bank to the ring-shedding area. They indicate that sometimes pulses trigger ring shedding by themselves or by merging with Rossby wave-like meanders in the Agulhas Return Current. Infrared imagery supports these interpretations.
Introduction
The Agulhas Current is a major western boundary current flowing along the east coast of South Africa. Its Recently, Pichevin et al. [1999] proposed that ring shedding may also be related to a momentum imbalance in the retrofiection area. In their reduced gravity model the eastward transport of eastward momentum is proposed to be compensated by a westward momentum tra, sport due to eddies. However, their analysis assumes parallel geostrophic currents in and out of the retrofiection area separated only a few Rossby radii from each other. This does not apply to the meandering Agulhas Return Current, which takes place at much larger scales. The present paper investigates the possible influence of large meanders in the Agulhas Current, so-called Natal pulses [Lutjeharms and Van Ballegooyen, 1988b The swirl velocity of the pulse may give an estimate of the current velocity in the Agulhas. Assuming geostrophy, the swirl velocity is of the order of 0.9 m/s.
In r'igure 4 the altimeter data t¾om Geosat, ERS i and TOPEX/Poseidon are combined with all usable infrared data to identify the Natal pulses over the period November 1986 to December 1993 (with a gap of 3 years, for which no altimeter data exist). Obviously, it remains unclear whether the extremes we determined correspond on a one-to-one basis to ringshedding events, as Feron [1995] pointed out as well.
Even his comparison with FRAM is not fully conclusive because the anomaly maps show that the real world is much more erratic than FRAM.
We will elaborate on this in the next section.
The two occasions that we could identify the shedding of a ring using satellite thermal infrared imagery are close .in time to events identified in the altimetry in the manner described above.
The fact that the match is not perfect is probably due to uncertaincy in the exact timing as derived from the altimeter maps owing to the altimeter sampling time (-10 days) and the fact that the exact time of separation on an infrared image is subjective. So, although this is in no way a statistical validation, it gives clear support to our analysis.
Applying the above method, we identified 14 (possible) ring-shedding events over a period of-1200 days ( Figure 5) . Ring shedding appears intermittently, and interannual variability in ring shedding is clearly visible. The same holds for the appearance of Natal pulses (r'igare 4). VAN 
Natal Pulses and Ring-Shedding Events
If pulses and ring formation are dynamically connected, the question is which pulse corresponds to which shedding event. The distance from Port Elizabeth to the retroflection region is ~450 km. Assuming a propagation speed over the Agulhas Banks of 4.5 to 5 km/d, as discussed in section 2, it would take a pulse ~100 days to travel this distance. It is unclear what time the highly nonlinear process of actual ring shedding will take, so it is difficult to determine precisely which pulse corresponds to which shedding event, if any.
Nevertheless, to investigate the relation between Natal pulses and ring shedding in more detail, we determi- and a ring-shedding event. This does not necessarily imply that they are causally related; it is possible that the two processes have the same time scale by coincidence. To investigate this, one has to follow the Natal pulses into the retrofiection area. Individual altilneter tracks cannot be used for this because the circulation in this area is extremely complex and variable. Therefbre we used gridded altimeter data to identify pulses that had been previously detected in the individual-track analysis. This is only possible when the meander has grown large enough to be identified on the maps. Altho•]gh some pulses can be followed in the retrofiection area in this way, most of the time it is impossible to determine their evolution uniquely because the background timemean flow is only approximately known [Feron et al., An example is depicted in Figure 7 , showing gridded altimeter observations together with a suggested interpretation of the total current structure, indicated by a streamline. A Natal pulse has been followed up to position (24øE, 36øS) in the first image from the track analysis (see Figure 4) 
